A MULTI-BANK TESTING APPARATUS FOR A SYNCHRONOUS DRAM 



BACKGROUND OF THE INVENTION 



1 . Field of the Invention 



The present invention relates to an apparatus for testing a 
synchronous dynamic random access memory (DRAM) which is a 
semiconductor memory, and more particularly to a multi-bank testing 
apparatus for a synchronous DRAM, which allows all banks of the 
10 synchronous DRAM to simultaneously carry out their write and read 
operations in a test mode, thereby being capable of testing the entire 
*Z bank in order to reduce the test time being likely to increase in 

iji accordance with an increased memory integration degree. 

If a? 15 2 . Description of the Related Art 



Generally, a synchronous DRAM includes a plurality of row 
address strobe (RAS) generating circuits corresponding respectively 
to banks of the synchronous DRAM. Each of the RAS-generating circuits 
is enabled in response to a bank selection address signal adapted 



:Uj 20 to select a bank associated with the RAS-generating circuit, thereby 



also includes a plurality of column address strobe (CAS) generating 
circuits corresponding respectively to the banks of the synchronous 
DRAM. Each of the CAS-generating circuits is enabled in response 
25 to a bank selection address signal adapted to select a bank associated 
with the CAS-generating circuit, thereby establishing column paths 
for the selected bank. 

The above operations of the row and column address strobe 
30 generating circuits will now be described in conjunction with Figs. 
1 and 2 . 



establishing row paths for the selected bank. The synchronous DRAM 
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When a row active command is inputted to a synchronous DRAM in 
a normal operation mode, it enables a row address strobe signal which 
is a command signal for enabling RAS-generating circuits. This row 
address strobe signal is applied to RAS-generating circuits (denoted 
5 by "rasgen" in Fig. 1) 3 of all banks in the synchronous DRAM. 
Simultaneously, a bank selection address signal, which selects one 
of the banks, is applied to RAS-generating circuits 3 of all banks. 

Only the RAS-generating circuit 3 of the bank selected by the received 
bank selection address signal is enabled, based on the received row 
n 10 address strobe signal, to output a row address strobe enable signal, 
-O thereby establishing row paths for the selected bank. As a result, 

!=§= a word line associated with the enabled bank is enabled. 

: J = 

} : S 

IB On the other hand, when a column active command is inputted to 

^ 15 the synchronous DRAM, it enables a column address strobe signal which 
y is a command signal for enabling CAS-generating circuits. This 

-y column address strobe signal is applied to CAS-generating circuits 

*T (denoted by "casgen" in Fig. 1) 4 of all banks in the synchronous 

O DRAM. Simultaneously, a bank selection address signal, which 

20 selects one of the banks, is applied to CAS-generating circuits 4 
of all banks. Only the CAS-generating circuit 4 of the bank selected 
by the received bank selection address signal is enabled, based on 
the received column address strobe signal, to output a column address 
strobe enable signal, thereby establishing column paths for the 
25 selected bank. As a result, a signal Yi, serving to couple each of 
bit lines to an associated one of local data bus lines LDB in an enable 
state thereof, is enabled. Accordingly, it is possible to carry out 
data read and write operations for the selected bank. 

30 The above-mentioned data paths will be described in more detail, 

in conjunction with Fig. 1. 
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First, a description will be made in regard to the write paths. 

Buffered data from each of data input buffers 11 is sent to an 
associated one of global write data bus lines GWDB, and is then sent 
5 to an associated one of local data bus lines LDB in accordance with 
an operation of an associated one of write drivers WD. 



In this state, when the signal Yi, serving to couple each local 
data bus line LDB to an associated one of bit lines in an enable state 
g 10 thereof, is enabled, the data from each local data bus line LDB is 
'f* applied to an associated one of cells 1 via an associated bit line, 

1=^ so that it is stored in the associated cell 1. 

ffl Next, a description will be made in regard to the read paths. 

7 15 

y When data from each cell 1 in a selected bank is sent to an 

iil 

!U associated bit line in accordance with a row active command, the 

! Z signal Yi is enabled in response to the row active command, thereby 

0 causing the data from the bit line to be transmitted to an associated 

20 local data bus line LDB. The data from the local data bus line LDB 
is then sent to an associated input/output sense amplifier 5 which, 
in turn, amplifies the data. The amplified data is subsequently ■ 
transmitted to an associated global read data bus line GRDB, so that 
it is output through an associated data output buffer 12. 

25 

As mentioned above, a synchronous DRAM, which consists of N banks, 
conducts row and column activating operations for only one particular 
bank selected by a bank selection address BA every time the bank 
selection address BA is generated. For this reason, the testing 
30 operation for such a synchronous DRAM is carried out for one bank. 

r 
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In order to test the entire bank of the synchronous DRAM, it 
is necessary to conduct the testing operation by N times corresponding 
to the number of banks in the synchronous DRAM . This results in a 
lengthened test time. 



Therefore, the present invention has been made in view of the 
above-mentioned problems involved in conventional techniques, and 

10 an object of the invention is to provide a multi-bank testing 
apparatus for a synchronous DRAM which allows all banks of the 
synchronous DRAM to simultaneously carry out their write and read 
operations in a test mode, thereby being capable of testing the entire 
bank in order to reduce the test time being likely to increase in 

15 accordance with an increased memory integration degree. 

In accordance with the present invention, this object is 
accomplished by providing a multi-bank testing apparatus for a 
synchronous DRAM consisting of a plurality of banks, comprising: a 

20 row address strobe generating unit for enabling a word line to 

transmit data from cells to bit line sense amplifiers in each bank 
of said synchronous DRAM; a column address strobe generating unit 
for generating a signal adapted to enable transistors respectively 
adapted to couple bit lines carrying data, amplified by said bit line 

25 sense amplifiers, to local data bus lines; input/output sense 
amplifiers for amplifying data on said local data bus lines, 
respectively; a transmission gate unit for controlling transmission 
of data from said input/output sense amplifiers to global read data 
bus lines; and an input/output comparing unit for compressing data 

30 from said input/output sense amplifiers prior to said transmission 
thereof to said global read data bus lines. 



5 



SUMMARY OF THE INVENTION 



4 
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BRIEF DESCRIPTION OF THE DRAWINGS 



Other objects and aspects of the invention will become apparent 
from the following description of embodiments with reference to the 
accompanying drawings in which: 

Fig. l/is a/block diagram illustrating a configuration of a 
general synchronous DRAM; 



Fig. 2 p.\ s a bloc/lc diagram illustrating output paths for 
10 input/output s.ense amplifiers shown in Fig. 1; 

Figs. 3a and 3b are diagrams illustrating a configuration of 
a RAS-generatin'g circuit unit included in a multi-bank testing 
apparatu s/^ a c ^^/^ ding to the present invention; 
Figs. 4a and "4b are diagrams illustrating a configuration of 
15 a CAS-generatirfg circuit unit included in the multi-bank testing 
apparatu sf according to the present invention; 
Fig. 5' is a block diagram illustrating output paths for 

input/output sense amplifiers in accordance with an embodiment of 

/ 

the present invention; 



20 Fig. 6/ is a block diagram illustrating output paths for 

input/output sense amplifiers in accordance with another embodiment 
of the present invention; 



Fig. 7 /is ,a circuit diagram illustrating a configuration of a 

transmission ,gate unit included in the multi-bank testing apparatus 

/ 

25 according to the present invention; and 

/ 

Fig. 8 is a circuit diagram illustrating a configuration of an 
input/output comparing unit included in the multi-bank testing 
apparatus according to the present invention. 



30 DESCRIPTION OF THE PREFERRED EMBODIMENTS 
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Referring to Figs. 3a to 8, circuits included in an apparatus 
for testing banks of a synchronous DRAM in accordance with the present 
invention are illustrated, respectively. 



5 The testing apparatus of the present invention includes a 

RAS-generating unit 30 (Fig. 3a) for enabling a word line to transmit 

data from cells to bit line sense amplifiers 20 in each bank of a 

synchronous DRAM, a CAS-generating unit 40 (Fig. 4a) for generating 

a signal adapted to enable transistors respectively adapted to couple 

q 10 bit lines carrying data, amplified by the bit line sense amplifiers 

ri 20, to local data bus lines LDB, and input/output sense amplifiers 

50 for amplifying data on the local data bus lines LDB, respectively. 

The testing apparatus also includes a transmission gate unit 60 for 

controlling transmission of data from the input/output sense 

# 15 amplifiers 50 to global read data bus lines GRDB . The testing 

=!» apparatus further includes an input /output comparing unit 7 0 for 

1U compressing data from the input/output sense amplifiers 50 prior to 

Mi 

the transmission thereof to the global read data bus lines GRDB. 

20 As shown in Fig. 3b, the RAS-generating unit 30 includes a PMOS 

transistor PM31 and an NMOS transistor NM31 connected in series to 
each other. A row address strobe signal is commonly applied to the 
gates of the PMOS transistor PM31 and the NMOS transistor NM31. A 
timing controller 31 is coupled to a node between the PMOS transistor 

25 PM31 and the NMOS transistor NM31 . The timing controller 31 serves 
to control the period of time for which an output from the RAS- 
generating unit 30, namely, a row address strobe enable signal rasatv, 
is in an enable state. Aplurality of NMOS transistors NM32a to NM32z, 
which are coupled in series together, is connected in series to the 

30 NMOS transistor NM 31. Each of the NMOS transistors NM32a to NM32z 
receives an associated one of bank selection address signals BAa to 

-6- 



n 



# • 



BAz at its gate. Another NMOS transistor NM30 is coupled to a node 
between the NMOS transistor NM31 and the NMOS transistor NM32a in 
a parallel fashion. The NMOS transistor NM30 receives, at its gate, 
a test signal for all banks (hereinafter, referred to as a "all- 
5 bank test signal"), tm_abwr. The all-bank test signal tm_abwr is 
enabled when write and read operations are to be conducted for all 
banks . 

Referring to Fig. 4b, a detailed configuration of the CAS- 
IO generating unit 40 is illustrated. As shown in Fig. 4b, the 

CAS-generating unit 40 includes a PMOS transistor PM41 and an NMOS 
transistor NM41 connected in series to each other. A >s<||address 
strobe signal is commonly applied to the gates of the PMOS transistor 
PM41 and the NMOS transistor NM41. A timing controller 41 is coupled 
15 to a node between the PMOS transistor PM41 and the NMOS transistor 
NM41. The timing controller 41 serves to control the period of time 
for which an output from the CAS-generating unit 4 0, namely a ^ew ^ 
address strobe enable signal casatv, is in an enable state. A 
plurality of NMOS transistors NM42a to NM42z, which are coupled in 
20 series together, is connected in series to the NMOS transistor NM 
41. Each of the NMOS transistors NM42a to NM42z receives an 
associated one of bank selection address signals BAa to BAz at its 
gate. Another NMOS transistor NM40 is coupled in parallel to a node 
between the NMOS transistor NM41 and NMOS transistor NM42a. The NMOS 
25 transistor NM40 receives, at its gate, the all-bank test signal 

tm_abwr enabled when write and read operations are to be conducted 
for all banks. 



Mi 



Thfi transmission gate unit 60 includes a plurality of first 



30 transmission gates 61 and a pair of second transmission gates 62,- 
Jrghe-shown in Figs. 5 and 6^^£*©fe first transmission gate 61 is arranged 
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between the output of an associated input/output sense amplifier 50 
and an associated global read data bus line GRDB or bar-capped GRDB. 

In a test mode, the first transmission gate 61 is closed, thereby 
preventing data from the associated input/output sense amplifier 50 
5 from being transmitted to the associated global read data bus line 
GRDB or bar-capped GRDB. On the other hand, each second transmission 
gate 62 is arranged between the output of the input/output comparing 
unit 70 and an associated input/output global read data bus line GRDB 
or bar-capped GRDB. The second transmission gate 62 is opened in 
10 the test mode, thereby allowing the output from the input/output 
comparing unit 70 to be transmitted to the associated global read 
data bus line GRDB or bar-capped GRDB. 

Referring to Fig. 7, a detailed configuration of each first 

15 transmission gate 61 and each second transmission gate 62 included 
in the transmission gate unit 60 is illustrated. As shown in Fig. 
7, the first transmission gate 61 includes a PMOS transistor PM61 
and an NMOS transistor NM61 coupled in parallel between an associated 
one of the input/output sense amplifiers 50 and one of two global 

20 read data bus lines GRDB and bar-capped GRDB respectively associated 
with input and input-bar signals from the input/output sense 
amplifier 50, that is, the global read data bus line GRDB. At its 
gate, the PMOS transistor PM61 receives the all-bank test signal 
tm_abwr whereas the NMOS transistor NM61 receives, at its gate, a 

25 signal inverted from the all-bank test signal tm_abwr via an inverter 
In60. The first transmission gate 61 also includes another PMOS 
transistor PM62 and another NMOS transistor NM62 coupled in parallel 
between the associated input/output sense amplifier 50 and the other 
associated global read data bus line, bar-capped GRDB. At its gate, 

30 the PMOS transistor PM62 receives the all-bank test signal tm_abwr 
whereas the NMOS transistor NM62 receives, at its gate, the signal 
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inverted from the all-bank test signal tm_abwr via the inverter In60. 
On the other hand, the second transmission gate 62 includes a PMOS 
transistor PM63 and an NMOS transistor NM63 coupled in parallel 
between the input/output comparing unit 70 and the global read data 
5 bus line GRDB. The PMOS transistor PM63 receives, at its gate, the 
signal inverted from the all-bank test signal tm_abwr via the inverter 
In60 whereas the . NMOS transistor NM63 receives, at its gate, the 
all-bank test signal tm_abwr. The second transmission gate 62 
further includes another PMOS transistor PM64 and another NMOS 

10 transistor NM64 coupled in parallel between the input/output 

comparing unit 70 and the other global read data bus line, bar-capped 
GRDB. The PMOS transistor PM64 receives, at its gate, the signal 
inverted from the all-bank test signal tm_abwr via the inverter In60 
whereas the NMOS transistor NM64 receives, at its gate, the all- 

15 bank test signal tm_abwr . 

Fig. 8 illustrates a detailed configuration of the input/output 
comparing unit 70. As shown in Fig. 8, the input/output comparing 
unit 70 includes PMOS transistors PM71 and PM 76, and NMOS transistors 
NM71 and TOW*. These PMOS and NMOS transistors PM71, PM76, NM71, 

20 and NM76 are coupled together in parallel and receive, at respective 
gates thereof, a signal inverted from the all-bank test signal tm_abwr 
via an inverter In70. A plurality of PMOS transistors PM72 to PM75 
is coupled in parallel between the PMOS transistor PM71 and the NMOS 
transistor NM71. The PMOS transistors PM 72 to PM75 receive, at 

25 respective gates thereof, input signals IO<0:3> which are output from 
associated input/output sense amplifiers 50, respectively. An NMOS 
transistor NM72 is connected to the NMOS transistor NM71 in such a 
fashion that they have a common source. A plurality of PMOS 
transistors PM77 to PM80 is coupled in parallel between the PMOS 

30 transistor PM76 and NMOS transistor NM73. The PMOS transistors PM 



77 to PM80 receive, at respective gates thereof, input-bar signals, 
bar-capped IO<0 : 3>, which are output from the associated input/output 
sense amplifiers 50, respectively. An NMOS transistor NM74 is 
connected to the NMOS transistor NM73 in such a fashion that they 
5 have a common source. The input/output comparing unit 70 also 
includes NAND gates NA71, NA72, and NA73. The NAND gate 71 receives 
output and output-bar signals from the associated input/output sense 
amplifiers 50. The NAND gate NA72 receives an output from the NAND 
gate NA71 along with the all-bank test signal tm_abwr . The NAND gate 

10 NA73 receives an output from the NAND gate NA72 via inverters In71 
to In74 at one input thereof. The output from the NAND gate NA72 
is also applied to the other input of the NAND gate NA73 via the 
inverters In71 to In74 and then via inverters In75 to In79 . The output 
from the NAND gate NA73 is coupled to the gates of the NMOS transistors 

15 NM72 and NM74 in a common fashion via an inverter In80. 

In accordance with the above-mentioned configuration according 
to the present invention, row and column activating operations may 
not be influenced by any bank selection address during write and read 
20 testing operations. That is, the row or column activating operation 
can be conducted for all banks in a simultaneous manner, thereby 
enabling a simultaneous read or write test. 

That is, in accordance with the present invention, all word lines, 
25 in all banks, associated with one row address, can be enabled in every 
row activating operation. In every ^lumnn activ i a&ing * operation, 
the signal Yi which serves to couple each of bit lines to an associated 
one of local data bus lines LDB in an enable state thereof is enabled 
for all banks. Accordingly, the write or read test can be conducted 
30 for all banks. 
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In order to prevent data from different banks from fighting with 
each other on a data output path, data from each cell passes through 
the input/output comparing unit, before it is transmitted to an 
associated global read data bus line, so that it is compressed in 
5 the input/output comparing unit. Since compressed data is 

transmitted to global read data bus lines, there is no data fighting 
phenomenon occurring in data output paths. 

By one write or read cycle, a corresponding write or read 
10 operation is completed for all banks. Accordingly, it is possible 
to greatly reduce the entire test time. 

Now, the operation of the testing apparatus according to the 
present invention will be described. 



When a row active command is inputted to the testing apparatus 
in a normal operation mode, it enables a row address strobe signal 
which is, in turn, applied to the RAS-generating unit 30. Based on 
the row address strobe signal, the RAS-generating unit 30 generates 
20 a row address strobe enabling signal rasatv. 

On the other hand, when a column active command is inputted is 
inputted to the testing apparatus in a normal operation mode, it 
enables a column address strobe signal which is, in turn, applied 
25 to the CAS-generating unit 40. Based on the column address strobe 
signal, the CAS-generating unit 30 generates a column address strobe 
enabling signal casatv. 

In a test mode in which write and read operations for tests are 
30 to be carried out for all banks, an all-bank test signal tm_abwr is 
enabled. This all-bank test signal tm_abwr is applied to respective 



15 






gates of the NMOS transistors NM30 and NM40 coupled to respective 
nodes of the RAS and CAS-generating units 30 and 40, to which a bank 
selection address signal BA is applied, in a parallel fashion. In 
this mode, accordingly, row and column activating operations are not 
5 influenced by any bank selection address. 

In accordance with the above-mentioned configurations of the 
RAS and CAS-generating units 30 and 40, a chip consisting of N banks 
can operate such as one bank during write and read tests for all banks . 
q 10 When a write command is inputted, cells included in different banks, 
but allocated with the same address, are recorded with the same data 

\ \ 5 

M: because each global write data bus line GWDB belongs to all banks. 

\s - 

Si Accordingly, data write is conducted for all banks in a 

~ 15 simultaneous manner, thereby enabling a simultaneous write test. 



When a read operation is subsequently carried out, data from 
cells included in different banks, but allocated with the same address , 
are carried on associated bit lines in an amplified state, and then 
20 transmitted to associated local data bus lines LDB, respectively, 
in response to an enabled state of the signal Yi serving to couple 
each of those bit lines to an associated one of local data bus lines 
LDB. 

25 The data from each local data bus line LDB is then amplified 

in an associated input/output sense amplifier 50 which, in turn, sends 
the resultant data to the input/output comparing unit 70. 

In the test mode, each first transmission gate 61, which serves 
30 to couple the output of an associated input/output sense amplifier 
50 to an associated global read data bus line GRDB, is closed in 
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response to the all-bank test signal tm_abwr, thereby preventing data 
from the associated input/output sense amplifier 50 from being 
transmitted to the associated global read data bus line GRDB. On 
the other hand, each second transmission gate 62, which serves to 
5 couple the output of the input/output comparing unit 70 to an 
associated input/output global read data bus line GRDB, is opened 
in response to the all-bank test signal tm_abwr, thereby allowing 
the output from the input/output comparing unit 70 to be transmitted 
to the associated global read data bus line GRDB. Thus, a data read 
f=^ 10 operation is conducted for all banks in a simultaneous manner. 



The input stage of the input/output comparing unit 70 may have 
various configurations in accordance with the present invention. 



J~ 15 In accordance with an embodiment of the present invention, 

hf respective outputs of input/output sense amplifiers 50 respectively 

:fd included in different banks, but arranged on the same data path, are 

*£i coupled to the input of the input/output comparing unit 70. 

20 This configuration is illustrated in Fig. 5. In this case, the 

input/output comparing unit 70 receives, as its input, data from 
input/output sense amplifiers 50, each being included in one of all 
banks, carried on the same global data bus line GRDB, as shown in 
Fig. 5. 

25 

In this case, it is possible to conduct a data write operation 
in the test mode, irrespective of the logic level of data to be written, 
that is, whether data to be written has a low logic level or a high 
logic level. In a data read operation, the written data can be read 
30 in such a fashion that their logic levels are read. 




In accordance with another embodiment of the present invention, 
respective outputs of input/output sense amplifiers 50 included in 
the same bank are coupled to the input/output comparing unit 70 . This 
configuration is illustrated in Fig. 6. 

5 

In the case illustrated in Fig. 6, it is necessary to input data 
having the same logic level in a write operation in the test mode. 

In accordance with the multi-bank test system, which is applied 
g 10 to synchronous DRAMs, it is possible to greatly reduce the entire 
ft test time, as compared to conventional test systems in which a test 

H is carried out in a special test mode using compressed output data. 

™ As apparent from the above description, the present invention 

~ 15 provides a multi-bank testing apparatus for a synchronous DRAM, which 
l rZ allows all banks of the synchronous DRAM to simultaneously carry out 

py their write and read operations in a test mode, thereby being capable 

« of testing the entire bank in order to reduce the test time being 

O likely to increase in accordance with an increased memory integration 

20 degree. In order to prevent data from different banks from fighting 
with each other on a data output path, data from each cell passes 
through an input/output comparing unit before it is transmitted to 
an associated global read data bus line, so that it is compressed 
in the input/output comparing unit. 

25 

Although the preferred embodiments of the invention have been 
disclosed for illustrative purposes, those skilled in the art will 
appreciate that various modifications, additions and substitutions 
are possible, without departing from the scope and spirit of the 
30 invention as disclosed in the accompanying claims. 
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